a xjjcnalt@163.net Keyword: road engineering, density, cutting ring method, aeolian sand, powdery clay particles Abstract. In order to discuss the application scope of measurement of compaction degree of aeolian sand roadbed formed by compaction with immersion plus cutting ring method, powdery clay particles with different content are blended into the aeolian sand from the Gurbantunggut desert for testing. The results show that there is both expansion and sinking of the deformation of the aeolian sand with different compaction degree and the content of the powdery clay particles after immersion, but most of the deformation quantity is not significant. The measured results of the cutting ring method are quite volatile, and there are special circumstances, for example the difference is larger when the degree of compaction is lower and the content of the powdery clay particles is higher; but most of the average values are within the true value range or have a small difference, especially when the compaction degree is higher and powdery clay particles content is "moderate", most of them are within 0.015g / cm 3 . Taking into account that the compaction degree of the detection objects in actual work is generally higher, and the time from the beginning of the immersion to completion of the test is relatively short, on the basis of appropriate increase of parallel test, the test results of aeolian sand roadbed formed by dry compaction can basically meet the needs of the project.
Introduction
The cohesion of dry aeolian sand is basically zero, which is bulk granular, so the conventional methods: sand filling method, cutting ring method, wax seal method, irrigation method cannot be used for the measurement of its density (compaction degree). Some scholars have proposed immersion plus cutting ring method [1] , and the experimental results show that when the compaction degree of the aeolian sand is more than 90%, the volume change caused by immersion of the dry sand is very small; The wet sand dry density measured by the cutting ring method can characterize the dry sand dry density before immersion, which can meet the needs of highway engineering in terms of accuracy. On the basis of this, this paper will further discuss the effects of the change of powdery clay particles content in the aeolian sand on this method. The powdery clay particles content is the component which can most easily change and has the greatest change in aeolian sand. The reason is that when there is wind erosion, the fine textured materials will be blown away in the form of dust; after the dunes are fixed, the dust on the surface can form the sand crust, and can enter the sand layer inside with the infiltration of rain. In the same desert around the world, the content of powdery clay particles is generally relatively lower in the moving dunes, higher in semi-mobile and semi-fixed dunes, and highest in the fixed dunes [2, 3] . Therefore, the rapid, simple and adaptable method for measuring the density of dry aeolian sand will play an active role in ensuring the construction quality of highway subgrade formed by dry compaction process in desert area. content has been significantly greater than the compaction dry density with dry air, so the maximum value of the powdery clay particles content of the test sample is limited to 40% (Table 1) . From figure 1, we can know the standard dry density with dry air (Table 2) . Then, use the vibrating tamper to mold the sample in a special large test tube (diameter is 45cm, height is 30cm, figure 2), the total height of the molding should be controlled at about 25 cm, and control the degree of compaction at about 85%, 90%, 95% and 100% by means of adjusting the tamper. Sample immersion and deformation observation. Choose a piece of thin, exquisite and previous non-woven geotextile, cut it into a round shape with diameter of 450mm, immerse it into water, and then take put and unfold; After there is no water dripping, put it carefully on the surface of molding sample, and then gently wipe it with a small wood float to ensure that the entire geotextile can more closely contact with the sample surface, instead of using large strength to change the density of the test sample. Afterwards, place a porous plate with fine holes on the geotextile and install a dial indicator on the strut on the edge of the porous plate ( Figure 3 ). After the test starts, watering and timing should be synchronous. When watering, use a sprinkling can to slowly and evenly sprinkle the water on the porous plate and geotextile, to form a complete thin water layer on the geotextile surface to ensure uniform infiltration ( Figure 3 ). In terms of timing, read the dial indicator according to the specific time, and timing closing is unified for 1080 minutes, when the deformation of various samples have kept stable or nearly stable.
It can be known through analysis of the results of the compaction test that there is capillary water of the sample about when moisture content is about 1% to 4%, which manifests as the first dry density low value in the multimodal compaction curve. And there is gravity water when the water content is about 9%, which manifests as the second dry density high value in the multimodal compaction curve (the first appears when the water content is close to zero, the samples A and B have special concave curve, so there is no second dry density high value, but it is close to saturation when the water content reaches 9%). Given this, taking into account that water loss in the test process and a certain amount of gravity water can accelerate the wetting speed, use water content of 10% to calculate the total water amount required for a certain test.
Density measurement. After completing the deformation observation, remove the dial indicator, take out the porous plate and geotextile, and carefully scrape sand layer of about 2cm on the surface of the test sample, and then perform density measurement according to the cutting ring method in Test Method of Soils for Highway Engineering. In order to improve the measurement accuracy, cutting ring with big volume is chosen, which is 200 cm 3 (diameter of 70mm).
Test results and analysis
Deformation observation. The test results are shown in Table 3 and Figure 4 . It can be seen: 1) There is both expansion and sinking of the deformation after the immersion of the test sample. No matter what type, it is rapid in the initial stage, and then slower and slower. Except those with small amount of deformation (such as the amount of expansion or sinking is less than 0.1%), comparing the deformation amount of 60 minutes with that of 1080 minutes, when the degree of compaction is less than 95% or so, the former can reach more than 90% of the latter; and when the degree of compaction is more than 95%, the former can reach more than 80% of the latter. The reason is that the well-drained sandy soil can complete deformation with a faster speed [4, 5] .
2) When the content of powdery clay particles is relatively low (such as sample A and B), it is obviously manifested that: there is sinking when the compaction degree is low, and the amount of sinking is large; and when the compaction degree is high, though there is also sinking, the amount of sinking significantly reduces, which can be basically negligible. It indicates that the infiltration of water can lead to the movement of sand particles, making the loose sand dense, based on which some of China's desert areas use sluicing method for the construction of aeolian sand roadbed [6] .
3) When the content of powdery clay particles is high (such as sample G), except the sinking when there is low degree of compaction (but the sinking range has been significantly reduced), most are manifested as expansion, and also manifested that the amount of expansion will become larger and larger as the degree of compaction is getting higher and higher. The reason is that the more and more powdery clay particles have more and more obvious effects; and powder clay particles, especially the clay particles have strong hydrophilicity, which will expand when encountering water. Fig. 4 Expansion quantity of the test sample with different degrees of compaction after immersion 4) Influenced by the above two factors, that has relatively small deformation and its change with different compaction degrees, that is, has relatively gentle the curve in Figure 4 , is not the pure aeolian sand (such as sample A), nor the silty fine sand (such as sample G), but those with relatively "moderate" powdery clay content (such as the sample C, D and E).
It can be seen from Figure 1 that, the compaction curve of those samples with relatively "moderate" powdery clay particles content, such as the sample C, D and E, has three distinct characteristics: first, the effect of dry compaction is significant; second, it is obviously the bimodal pattern; third, the dry density of the compacted molding with air drying is the largest or close to the maximum. The reason is that the pure aeolian sand has larger degree of porosity, the increased powdery clay particles first fill in the holes with skeleton structure composed of sand, which are scattered at very low water content, having little effect on the mutual closeness of the dry powdery clay particles, that is, having little effect on the dry compaction characteristics, but increasing the dry density. With the increase of the powdery clay particles content, the holes in the aeolian sand are gradually filled, and the dry density of the compaction modeling can reach the maximum; Thereafter, the increased content of powdery clay particles will gradually destroy the skeleton structure composed of sand, resulting in pressing of the "excess powder particles", while the superficially active powdery clay particles (especially the clay particles) are difficult to produce cohesion to be compact in the state of dryness, and the dry density of the compaction modeling will gradually decline [7, 8] .
For the same reason, coupled with the immersion, if there is "extra space" when the powdery clay particles in the holes of the skeleton structure composed of sand expand, the expansion force will not be applied to the skeleton structure; The excessive powdery clay particles can produce expansion force to squeeze the skeleton structure, and the more the powdery clay particles content is, the greater the expansion pressure will be, which will cause that the deformation after immersion is relatively gentle when powdery clay particles content is relatively "moderate" [9] .
5) It is required in the Test Method of Soils for Highway Engineering on the density test that the difference in the two parallel measurements shall not be greater than 0.03g / cm 3 [10] . If the dry density of the sample calculated by is 2.0 g / cm 3 , the error is ± 1.5%. After immersion for 1080 minutes, the deformation of most of the samples is within this range, but there are only two exceptions: one is that the degree of compaction and powdery clay particles content are low, which is manifested as too large amount of sinking; Another is that degree of compaction and powdery clay particles content are higher, which is manifested as too large amount of expansion. Taking into account that the time from the beginning of immersion to the completion of the test is not very long ( generally within 30 minutes), and the detection objects have higher degree of compaction, so it can be considered that immersion measures have have little influence on its density, but it is not absolute.
Density determination. After completing the deformation observation, the density is measured with cutting ring method, and the results are shown in Table 4 . The total error is about ± 0.5% due to the existence of the measurement error of the compaction tube diameter, the measurement error of the sample modeling height, the weighing error of the sample and the measurement error of water content, the maximum and the minimum values of dry density at the time of molding, and the maximum and minimum values of dry density after immersion are respectively the range limits of the truth values that are determined after considering the error. It can be seen:
1) The measured results of the cutting ring method are quite volatile, and the measured density difference of the same sample can be above 0.1g / cm 3 , but the most are still within 0.075g / cm 3 . The main reasons are as follows: first, the cohesion of wetted aeolian sand is not large, and the external disturbances still have a certain impact; second, compared with silty soil or clay, aeolian sand's "rough" surface will affect the authenticity of its volume. This accidental error can be solved by increasing the number of parallel measurement.
2) When the degree of compaction is low, such as about 85%, the measurement results of the cutting ring method are generally too large, often larger than the truth value of dry density after immersion, and sometimes even much larger, which is larger than 0.03g / cm 3 ; At the same time, parallel tests also have large volatility, and the extreme difference is mostly above 0.1g / cm 3 . The reason is that loose sand can be easily compacted in the measurement process, indicating that this method is not suitable for this. 3) The samples with higher powdery clay particles content tend to have obvious expansion due to immersion when the degree of compaction is very high, although the results measured with cutting ring method are within the range of true values of the dry density after immersion, but have a quite difference with the range of true values of the dry density before immersion, indicating that this method is also not suitable for this. 4) Except the special circumstances described above, most of the measured results (average values) are within the range of true values of the dry density before immersion or have a little difference, most of which are less than 0.015g / cm 3 , especially when the degree of compaction is higher, such as more than 90%, and the powdery clay particles content is "moderate". Taking into account that degree of compaction of the detection objects in actual work is generally high, mostly about 94%; and the time from the beginning of immersion to the completion of the test is relatively short, mostly within 30 minutes, based on appropriate increase of parallel tests, this method has more general applicability, for the formed aeolian sand roadbed with dry compaction process, the measured results can basically meet the needs of the project.
Conclusion

1)
There is both expansion and sinking of the deformation after immersion when the aeolian sand in the Gurbantunggut desert is within the range of obvious effect of dry compaction (powdery clay particles content is less than or equal to 40%). The lower the compaction degree is, the more obvious the sinking will be; and the more the powdery clay particles content is, the more obvious the expansion will be. Under the influence of these two effects, the deformation quantity of most samples is not large except for special cases, especially when the content of powdery clay particles is relatively "moderate", the deformation quantity and the change is relatively small when the degree of compaction is different.
2) The measured results of the cutting ring method are quite volatile, and the measured density difference of the same sample can be above 0.1g / cm 3 , but the most are still within 0.06g / cm 3 . While for different samples, the difference is larger when the degree of compaction is lower and the content of the powdery clay particles is higher. In addition, most of the testing results (average values) are within the true value range or have a small difference, most of which are less than 0.015g / cm 3 , especially when the degree of compaction is higher, for example when it is more than 90%, and the powder content is "moderate"; if using this method to measure the aeolian sand roadbed formed by dry compaction process, the measured results can basically meet the needs of the project.
